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Samarium substituted bismuth ferrite (BiFeO3) ceramics prepared by sol-gel synthesis 
method were studied using both local scale and microscopic measurement techniques in order to 
clarify an evolution of the crystal structure of the compounds across the morphotropic phase 
boundary region. X-ray diffraction analysis, transmission and scanning electron microscopies, 
XPS, EDS/EDX experiments and piezoresponse force microscopy were used to study the 
structural transitions from the polar active rhombohedral phase to the anti-polar orthorhombic 
phase and then to the non-polar orthorhombic phase, observed in the Bi1-xSmxFeO3 compounds 
within the concentration range of 0.08 ≤ x ≤ 0.2. The results obtained by microscopic techniques 
testify that the compounds in the range of 0.12 ≤ x ≤ 0.15 are characterized by two phase 
structural state formed by a coexistence of the rhombohedral and the anti-polar orthorhombic 
phases; two phase structural state observed in the compounds with 0.15 < x < 0.18 is associated 
with a coexistence of the anti-polar orthorhombic and the non-polar orthorhombic phases. Local 
scale measurements have revealed a notable difference in the concentration range ascribed to the 
morphotropic phase boundary estimated by microscopic measurements, the obtained results 
testify a wider concentration range ascribed to a coexistence of different structural phases, the 
background of the mentioned difference is discussed.  
Keywords: sol-gel processing; morphotropic phase boundary; XRD, TEM, SEM, PFM. 
 
1. Introduction  
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The term morphotropic phase boundary (MPB) usually refers to a concertation region 
where different crystal structures with a low energy barrier can coexist [1,2]. The most common 
and well understood MPB exists between the polar rhombohedral (R3m) and tetragonal (P4mm) 
structures in lead zirconate titanate [3,4]. While such transitions are not allowed by symmetry 
rules, recently it has been explained that they are mediated by a formation by transitionary 
monoclinic phase [5]. This phase coexistence region has attracted a lot of attention from 
scientists as it has been discovered that such compounds show large sensitivity to external 
stimuli [1,6].  However, while currently dominant piezoelectric materials with MPB (PZT, PMN-
BT) are extremely efficient they contain lead which is highly toxic [7]. Due to this drawback and 
overall shift towards green and sustainable chemistry, which was partly induced by anti Pb 
legislations, a search for a greener alternative is ongoing [8,9]. 
The search for a new type of materials led scientists to a discovery of the polar to non-
polar transition containing MPB. This significantly improved the approach of new lead free 
ferroelectric material design with properties similar to PZT [10]. While, in accordance with the 
Goldschmidt’s rule, both polar to polar and polar to non-polar MBPs are fundamentally different 
[11]. As for the case of polar to polar MPB, the enhancement of  the specific properties is related 
to the easing of polarization rotation, and for polar to non-polar with polarization extension 
mechanism [10]. Interestingly, it was also estimated that if an intermediate phase exists in the 
“polar to non-polar” or “polar to polar” MPB, a combination of both mechanisms would be 
possible. Thus in such case an exponential improvement of the properties could be expected for 
these materials [8,12,13].  
Over the last couple of decades many different compounds were analyzed in search of the 
aforementioned characteristics. BiFeO3, a lead free multiferroic compound with perovskite type 
structure, was found to have a polar to non-polar morphotropic phase boundary upon doping 
with RE ions (La – Lu) [14,15]. The undoped compound is characterized by polar active 
rhombohedral structure described by R3c space group as well as magnetically active sublattice 
formed by iron ions which makes it to be room temperature multiferroic with Currie temperature 
of ~1100 K and Neel temperature of 643 K [2,16,17]. There are some drawbacks specific for the 
initial compound, viz. bismuth ferrite is characterized by a large leakage current as well as 
difficulties in preparation of single phase materials [16,18]. Doping of the initial compound with 
rare earth ions has shown to at least partly solves these problems as well causes a polar (R3c) to 
non-polar (Pnma) structural transition, with an intermediate PbZrO3-like anti-polar (Pbam) phase 
[2,19]. While the concentration range of MPB varies depending on the type of RE ion, the 
stabilization of the anti-polar phase has only been possible with RE ions up to Sm within the 
MPB which is very narrow among similar oxide systems ~1% [20, 21]. Moreover, correct 
determination of morphotropic phase boundary is quite difficult because it is strongly dependent 
on preparation technique and post synthesis treatment [15, 22–24]. It should be noted, that 
structural characterization of MPB region performed based on microscopic measurements such 
as XRD, Raman or IR spectroscopy can give different results as compared to local measurements 
such as TEM or PFM, which poses a great problem for further scientific research [25–27]. 
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Hence the main aim of this work was to investigate the morphotropic phase boundary 
region in Sm-doped BiFeO3 compounds prepared by ethylene glycol assisted sol-gel technique, 
viz. to itemize the structural phase transition from the polar rhombohedral to the anti-polar 
orthorhombic followed by the non-polar orthorhombic phase driven by the dopant content using 
both local scale and microscopic measurement techniques. The obtained results highlight the 
differences specific for the MPB assuming the data obtained by microscopic measurements as 
compared to local scale structural results. 
 
2. Experimental 
High purity precursors of Bi(NO3)3·5H2O (99.99 %), Fe(NO3)3·9H2O (99.95 %), Sm2O3 
(99.99 %), 1,2-Ethanediol (99.8 %) and  concentrated nitric acid were used for the synthesis. 
Firstly, an initial solution containing 50 mL of distilled water and 2 mL of the nitric acid was 
prepared and heated up to 80 °C. While under constant stirring the desired amount samarium 
oxide was dissolved, which was followed by the addition of the remaining metal precursor 
materials. The as obtained solution after all of the dissolution of the nitrates and Sm2O3 was left 
to stir for an additional hour. Lastly, ethylene glycol was added to the solution as to have a molar 
ratio of 2:1 as compared to the metal cations. The solution was then again left to stir for 1 hour 
after which all the liquid was evaporated by raising the temperature of the magnetic stirrer to 200 
°C. The remaining gel was then dried in a drying furnace at 150 °C overnight and was then 
calcinated at 800 °C for 1.5 hours with a heating rate of 1 °C/min [20]. 
Rigaku MiniFlex diffractometer was used for the measurement of diffraction patterns. Which 
were recorded using Cu Kα radiation (λ=1.541874 Å) in 10º - 70º  2θ range, scanning speed was 
kept at 5 º/min with a step size of  0.02º. Hitachi SU-70 SEM was used for taking of scanning 
electron microscopy (SEM)  micrographs . A dual beam system FE-SEM-FIB Helios Nanolab 
650 with an energy dispersive X-ray (EDX) spectrometer INCA Energy 350 with X-Max 20 
SDD detector was employed for measurement of chemical composition. Transmission electron 
microscopy (TEM) images were taken on FEI Tecnai G2 F20 X-TWIN. The XPS analysis was 
carried out with a Kratos Axis Supra spectrometer using monochromatic Al Kα source (25 mA, 
15 kV). The instrument work function was calibrated to give a binding energy (BE) of 83.96 eV 
for the Au 4f7/2 line for metallic gold and the spectrometer dispersion was adjusted to give a BE 
of 932.62 eV for the Cu 2p3/2 line of metallic copper. Spectra were analyzed using CasaXPS 
software. Piezoresponse force microscopy technique was used to characterize local piezoelectric 
properties. Experiments have been carried out using MFP-3D commercial scanning probe 
microscope (Oxford Instruments, UK) using standard built-in mode with HA_HR Scansens 
commercial tips under ac voltage Vac = 3 V and frequency f = 20 kHz. Both in-plane and out-of-
plane PFM signals were measured. R*Cos(ϴ) in-phase and R*Sin(ϴ) out-of-phase 
piezoresponse signals were registered and treated by the subtracting of the frequency dependent 
background according to the procedure reported in Ref.[28]. 
 
3.  Results and discussion 
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3.1 XRD measurements 
XRD patterns recorded for the compounds Bi1-xSmxFeO3 have confirmed the formation 
of pure phase solid solutions without the presence of any impurity phases. The obtained results 
allowed to itemize the changes occurring in the crystal structure driven by an increase in the 
amount of the dopant ions. The XRD pattern obtained for the compound with samarium content 
of 8 mol % is consistent with a single-phase model with the rhombohedral structure (space 
group R3c) which is similar to the structure specific for the undoped compound BiFeO3 [15]. An 
increase in the dopant concentration up to 12 mol % leads to a formation of PbZrO3-type anti-
polar orthorhombic structure (s.g. Pbam), however the content of the orthorhombic phase is 
relatively small (~ 8 %) as compared to the dominant rhombohedral phase formed in the 
compound (Fig. 1) [24].  
Further increase in the dopant content leads to an increase in the intensity of the 
reflections attributed to the anti-polar orthorhombic structure, while the reflections attributed to 
the rhombohedral phase decrease confirming a reduction in the volume fraction of the R-phase 
down to ~ 20 % in the compound with x = 14 %. Larger amount of samarium content leads to a 
complete disappearance of the polar rhombohedral phase and a formation of new non-polar 
orthorhombic phase described by space group Pnma [19].  
Thus the concentration range for the coexistence of the polar and the anti-polar phases is 
considered to be in the range 0.12 ≤ x ≤ 0.15, however there are some previous reports where  
authors suggested single phase Pbam structure for the compounds having 15 mol  % of samarium 
content [29, 30]. It should be noted, that the phase stability regions are notably dependent on the 
sample preparation techniques and other factors [31,32]. In the present study, the structural state 
of the compound containing 16 mol. % of the dopant ions is described by two-phase model 
considering a coexistence of two orthorhombic phases, viz. about 20 mol % of the non-polar 
phase described by space group Pnma and the dominant anti-polar orthorhombic phase (s.g. 
Pbam). Increase in the dopant content leads to a drastic increase in the volume fraction of the 
non-polar orthorhombic phase and the compound with x = 0.2 is considered to be single phase 
having pure non-polar orthorhombic structure.  
Thus, in the mentioned concentration range there are two different phase coexistence 
regions, first region (0.12 ≤ x ≤ 0.15) is associated with a mixture of the polar and the anti-polar 
phases, the second region (0.15 < x < 0.20) is ascribed to a combination of two different 
orthorhombic phases (Pbam and Pnma). The phase coexistence regions are characterized by a 
modification in the grain morphology which minimizes the energy of the structural phase 
transitions [33, 34]. Crystallites visualized by SEM methods for the compounds within the phase 
boundary regions are characterized by reduced average size as compared to the crystallites in the 
compounds outside the MPB region [20] which is also confirmed by a broadening of the X-ray 
diffraction peaks recorded for these compounds [2, 30]. Thus, the XRD pattern of the compound 
with x = 0.08 is characterized by rather narrow diffraction peaks at around 39.5° and 45.5°. The 
compounds with larger amount of the dopant content attributed to the MPB regions are 
characterized by broadened diffraction peaks as seen by FWHM parameters at Figure 1. In this 
case of the compounds doped with 18 mol. % and 20 mol. % of samarium a narrowing of the 
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reflections is observed which point at slight increase in the crystallite size. This tendency can be 
clearly seen from the SEM data (Figure 2 inset) and the results of XRD demonstrate that all of 
the marked peaks at 22.5°, 25.5° and 33.0° become narrower and sharper with a decreased 
FWHM. 
 3.2 SEM measurements 
Grain size is the crucial issue for the compounds near the MPB as this factor drastically 
affects the structural stability of the compounds as well as their properties. The mentioned factor 
influences the stability of the intermediary phases as well the concentration range specific for the 
phase boundary regions [36,37]. 
Analysis of the SEM data allowed to evaluate the change in crystallite morphology as 
well as their average size as a function of the samarium content (Fig. 2). Particle size was 
estimated by ImageJ software [38] and is around 0.74 μm for the compound with 8 mol.% of 
samarium content. Further chemical doping leads to a significant decrease in the average grain 
size, it is around 0.52 μm for the compounds with x = 0.12 and 0.14. The smallest grain size of 
about 0.45 μm was observed for the compound with x = 0.16. The compounds specific for the 
end of the phase boundary region (18 mol. % and 20 mol. %) have similar grain size of around 
0.50 μm. The observed change is the average grain size can be caused by several factors. One is 
associated with a fact that samarium ions show weaker chemical reactivity as compared to 
bismuth ions which in turn reduces the speed of mass transport and particle growth [39]. Other 
factor is associated with the fact that bismuth ions are characterized by high volatility which 
induces an increase in the amount of oxygen vacancies which in turn slow down grain growth 
[40]. It should be noted that the distribution of the individual particle size is rather broad (0.1 - 
2.2 μm), while this is quite common for the compounds prepared by sol-gel method and heated at 
elevated temperatures [41,42] wherein the particle shape remain to be nearly similar 
(rectangular-like form) which corresponds to the geometry of the unit cell estimated for the 
compounds [43]. 
3.3 EDS/EDX and XPS measurements 
In order to investigate the distribution of different chemical elements inside the 
crystallites of the compounds as well as depending on the dopant content the measurements 
using energy dispersive spectroscopy were performed (Figure S1). The obtained data indicate 
that there is no significant segregation of the ions across the crystallites, in particular near the 
grain boundaries as compared to some perovskite type compounds [44]. The distribution of 
chemical elements inside the grains is rather homogeneous for the compounds under study, viz. 
as for the compounds characterized by the phase coexistence state as for the single-phase 
compounds. The EDS results testify that the element content corresponds to the designed 
chemical formulas for the appropriate compounds, while a careful analysis of the EDS data has 
allowed to clarify a certain difference in the elements distribution as a function of the dopant 
content.  
For the compound with 12 % of Sm content the difference in the Sm/Fe ratio is about 
1.8 % (as compared to theoretical value) which confirms quite homogeneous distribution of the 
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elements and corresponds to nearly single phase structural state of the compounds as confirmed 
by the XRD data. In the compound with x = 0.16 the mentioned difference is about 5.5 %, thus 
an average inaccuracy in the chemical composition is less than 1 % which still confirms high 
homogeneity in the chemical composition. The mentioned distribution in the chemical elements 
is in accordance with the two phase structural state estimated by the diffraction measurements. It 
should be noted that the mentioned difference in the elements distribution could not allow to 
reveal distinct crystallites ascribed to the different structural phases during SEM measurements 
which points at nanoscale character of the coexisting structural phases. The difference in the 
Sm/Fe ratio estimated for the compound with x = 0.2 is about 8.1 % which gives about 1.6 % of 
average inaccuracy in the chemical composition and provides variations in the crystal structure 
which are undetectable by the XRD data (Table S1). It should be noted that chemical 
homogeneity of the compounds is associated with optimal synthesis conditions, relatively low 
heating temperatures and short sintering time leading to low volatility of bismuth ions. It can also 
be stated that two phase structural state observed for the compounds within the phase boundary 
region is thermodynamically stable state and is not associated with a chemical inhomogeneity of 
the samples. 
X-Ray photoelectron spectroscopy measurements performed for the compounds have 
confirmed the ratio of the chemical elements used during synthesis procedure while no additional 
elements were detected as confirmed from survey spectra (Figure S2). High resolution spectra 
were recorded to further investigate core levels of each principal element. Analysis of the Fe 2p 
spectra (Figure 3) has allowed to determine the oxidation state of iron ions. Iron 2p spectra 
showed characteristic broadening due to spin-orbital coupling between 2p core hole and unpaired 
3d electrons of the photoionized Fe cation and also crystal field interactions [45]. All spectra 
show satellite peaks attributed to high-spin Fe2+ and Fe3+ oxidation states. Fe 2p splitting 
corresponding to high-spin Fe3+ and Fe2+ was modeled using Gupta and Sen multiplet 
predictions, high BE surface structures and satellite peaks for Fe 2p 3/2 region and are given in 
the Figure 3 [46]. Analysis of the XPS data has showed that Fe 2p spectra contained Fe3+ peaks 
at 710.5 eV, 711.8 eV, 713.6 eV, 715.9 eV and Fe2+ peaks at 709.5 eV, 710.4 eV, and 711.3 eV 
as well satellite peaks of Fe2+ and Fe3+. Calculated Fe3+ and Fe2+ ratio is 85 % and ~15 % and it 
remains nearly stable for the compounds with x < 0.12. Increase in the dopant content leads to an 
increase in the amount of Fe2+ ions up to about 22 %.  
Analysis performed for the 4f spectra of Bi ions has indicated that each of Bi 4f peaks 
were composed of two separate components those ratio remains similar for doping up to 
x = 0.14. Increase in the dopant concentration leads to notable increase of lower energy 
component area. This significant change possibly corresponds to the symmetry change in the 
compounds as well and the decrease of oxygen vacancy content observed in O1s spectra. 
Oxygen spectra also show an asymmetric peak shape, which testify a formation of oxygen 
defects in the compounds with x > 0.14 as seen on the Figures S3, S4 and S5 [47]. Even though 
the existence of large amount of Fe2+ ions and oxygen vacancies were measured to exist, 
Rietveld refinement results did not coincide with such quantities. And XPS results were used 




3.4 TEM measurements 
In order to specify the concentration driven evolution of the crystal structure of the 
compounds with chemical compositions across the morphotropic phase boundary region the           
HR-TEM measurements have been performed at room temperature. The HR-TEM measurements 
have been carried out for the compounds with x = 0.08, 0.12, 0.16 and 0.20 which allow to trace 
the concentration driven structural transition from the rhombohedral phase to the single phase 
non-polar orthorhombic one via two phase regions ascribed to the polar - anti-polar and anti-
polar – non-polar phase boundaries. The TEM images correspond to single crystallites which 
compose of different structural phases (Figure 4). 
 The FFT (Fast Fourier Transforms) performed for the compound with x = 0.08 testify the 
rhombohedral distortion of the crystal structure estimated by the diffraction measurements. 
While along with the dominant rhombohedral phase, some areas of the crystallites contain the 
inclusions which correspond to the orthorhombic phase (Fig. 4, inset). The obtained TEM data 
could not allow to specify a type of the orthorhombic structure while assuming the results of the 
diffraction measurements we consider the anti-polar orthorhombic described by Pbam space 
group as most probable secondary phase. The TEM data obtained for the compound with 
x = 0.12 testify more often presence of the orthorhombic phase which can be observed in one 
crystallite (Fig. 4, inset) thus confirming nanoscale size of the phase coexistence phenomena in 
the compounds near the morphotropic phase boundary. The TEM data obtained for the 
compound with x = 0.16 have allowed to specify the symmetry of the orthorhombic inclusions 
present in the crystallites. Analysis of the FFT images has allowed to itemize both the anti-polar 
and the non-polar orthorhombic symmetry thus confirming the results of XRD measurements 
refined using the space groups Pbam and Pnma respectively. The TEM data obtained for the 
compound with x = 0.2 confirm the dominance of the non-polar orthorhombic phase while FFT 
analysis performed for a number of crystallites has allowed to find out the areas of particular 
crystallites containing the rhombohedral phase specific for the lightly-doped compounds. Thus 
the TEM measurements have allowed to study in detail the structural phase transitions across the 
morphotropic phase boundary region and to itemize the changes occurred in the particular 
structural state on local scale level. The obtained results highlight the difference in the 
concentration ranges attributed to the different structural phases as compared to the results 
obtained by the XRD measurements. 
3.5 PFM measurements 
The results of the local piezoelectric measurements performed by PFM method demonstrate 
an evolution of the distribution and level of the piezoresponse as a function of the dopant 
concentration in the Bi1-xSmxFeO3 compounds. The average grain size of the compounds 
characterized by a dominance of the rhombohedral phase is ~1 μm which is much larger than an 
average size of polar domains. Increase in the dopant content leads to a notable reduction in the 
average domain size as well as a decrease of the crystallites size which confirms the results of 
the SEM and XRD measurements. It was found that out-of-plane PFM signal contains large 
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unipolar contribution and thereby further analysis was performed on the in-plane PFM images, 
where unipolar electromechanical contribution is much lower and can be removed by the 
mathematical procedure discussed in Ref. [28]. Polar active regions can be identified on the PFM 
images (Figure 5) as areas with bright and dark contrasts with the amplitude of the piezoresponse 
signal larger than 5 pm. The change of the piezoresponse sign reveals differently distributed 
polarization inside the crystallites. It should be noted that the PFM contrast images obtained for 
the compound with x = 0.08 are characterized by a presence of the regions with close-to-zero 
PFM signal (below 2 pm) showing the presence of the non-polar or the anti-polar phase 
inclusions. Taking into account the XRD and TEM data one can conclude about the presence of 
the nanoscale fraction of the anti-polar orthorhombic phase in the compound with x = 0.08 while 
the compound is characterized by single phase structural state assuming solely the X-ray 
diffraction data.  
PFM results demonstrate that an increase in the dopant content leads to an increase in the 
area of polar neutral regions which correspond to an increase in the anti-polar and the non-polar 
orthorhombic phases as confirmed by the XRD data. Increase in the samarium content also leads 
to a reduction in the value of piezoresponse signal wherein the domains reduce in size and 
become to be of curved shape with smeared borders. A degradation of the PFM signal is in 
accordance with the XRD results which confirm a decrease in the amount of the polar 
rhombohedral phase along with an increase in the anti-polar phase followed by the stabilization 
of the non-polar orthorhombic single phase state. The polar active regions revealed by the PFM 
measurements in the compounds characterized by a coexistence of the orthorhombic phases (viz. 
with x = 0.16, 0.18) possess nanoscale size domains. The PFM data obtained for the single phase 
non-polar orthorhombic compound with x = 0.20 also testify a presence of polar active regions 
with small piezoresponse signal. The distribution of the signal also reveals a decrease in the polar 
phase area following by a “diffusion” of the PFM images and “erasing” the boundaries between 
the polar and non-polar areas. The presence of the polar active regions in the compounds with no 
rhombohedral phase as confirmed by the XRD data can be explained assuming the following two 
scenarios. The first one assumes an induction of piezoelectric signal during the measurements 
due to a small difference in the ground state energies ascribed to the anti-polar and the polar 
active phases [2], the value of the mentioned energy barrier is comparable with an electric field 
intensity formed within the samples surface region (ΔE ~ 0.5 MV/cm) during PFM 
measurements [48]. The ability of the BiFeO3-based materials to exhibit electric field induced 
was earlier confirmed both in microscopic XRD [2] and local PFM measurements in solid phase 
sintered ceramics [44]. The second scenario assumes a presence of small amount of polar active 
phase which volume fraction is less than 2-3 % percent, the mentioned polar active phase has 
mainly 2D character with random distribution over the crystallites surface which have dominant 
orthorhombic state thus remaining to be undetectable by conventional XRD methods. It should 
be noted that the results of TEM measurements make the latter scenario to be more preferable 
which considers a presence of the rhombohedral and orthorhombic inclusions in the compounds 




Sm-substituted Bi1-xSmxFeO3 ceramics prepared by a modified sol-gel method are 
characterized by nanoscale size crystallites which average size slightly decreases with the 
increase of dopant content. Increase in samarium concentration leads to the structural transition 
from the polar active rhombohedral phase to the non-polar orthorhombic phase via a formation 
of metastable anti-polar orthorhombic phase. The morphotropic phase boundary region 
determined from the diffraction results is characterized by two concentration ranges having 
coexistent polar rhombohedral and anti-polar orthorhombic phases (0.12 ≤ x ≤ 0.15) and the anti-
polar and non-polar orthorhombic phases (0.15 < x < 0.18). Local scale measurements confirmed 
that morphotropic phase boundary region is characterized by wider concentration range, viz. 
0.08 ≤ x ≤ 0.20. Notable difference with the results of microscopic measurements is justified by 
the presence of the polar active and the non-polar regions in the compounds having single phase 
non-polar orthorhombic (x > 0.18) and the polar rhombohedral structural state (x < 0.12) 
respectively as determined by the diffraction measurements. The mentioned structural regions 
are characterized by a volume fraction of about 2 - 3 % which coexist along the dominant 
structural phase and randomly distributed over a surface of crystallites ascribed to the major 
phases. 
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Fig. 1. XRD patterns of Bi1-xSmxFeO3 compounds with x = 0.12 and x = 0.18 refined using the two phase models (upper Bragg ticks denote 
R3c and Pbam phases respectively for compounds with x=0.12 and 0.18; bottom row denotes Pnma phase). The insets show an evolution of the 
selected diffraction peaks for compounds under study. 
 
Fig. 2. SEM images of Bi1-xSmxFeO3 compounds x = 0.08, 0.12, 0.14, 0.16, 0.18, 0.20. The insets show particle size histograms for the 
compounds under study. 
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Fig. 3. Fitted high resolution XPS Fe 2p orbital spectra of Bi1-xSmxFeO3 compounds with x = 0.12, 0.16, 0.20 in the 
binding energy range from 538 to 524 eV. 
 
 
Fig. 4. HRTEM image of the compounds Bi1-xSmxFeO3 with x = 0.08, 0.12 and 0.16 0.20 (from left to right) at room temperature denoting a 
coexistence of different strucutral phases. The insents show FFT results calculated for different area of TEM images which testify a coexistence 
of different structural phases. Dots specific for Pbam phase caused by unit cell multiplication are ringed in red. 
 
Fig. 5. In-plane PFM images of Bi1-xSmxFeO3 compounds with x = 8%, 12%, 14%, 16%, 18, 20 respectively for a) – f) pictures (from left to 
right and from up to down). 
